Data cannot be shared publicly because of legal privacy protection of cancer registry data. Requests for data analysis can be made to the Florida Cancer Data System for a fee. Researchers can replicate the study findings by completing the following: submitting a request for data from the Florida State Fire Marshal's Office; completing a data use agreement with the Florida Cancer Data System (FCDS) to have them conduct a data linkage between cancer registry data and State Fire Marshal's data; and requesting analysis of this linked data by the FCDS in the manner described in the methods section. The authors confirm that they did not have any special access privileges that others would not have.

Introduction {#sec005}
============

Occupational exposures play an important role in the risk of cancer and cancer death\[[@pone.0215867.ref001]\]. Indeed, it is estimated that occupational exposures contribute to 40,000 new cancer cases and 20,000 cancer deaths each year in the United States (US)\[[@pone.0215867.ref002]\]. A recent review suggests that 2--8% of all cancers may be attributable to occupational exposures\[[@pone.0215867.ref003]\]. Firefighters, for example, face many hazardous and potentially carcinogenic exposures in their jobs\[[@pone.0215867.ref001], [@pone.0215867.ref004]\], and they have been shown to be at increased risk of many cancers\[[@pone.0215867.ref005]--[@pone.0215867.ref007]\]. Measuring the impact of occupational exposures, however, can be a challenge, particularly given the latency of cancer development\[[@pone.0215867.ref003]\].

Cancer registry data are vital for the surveillance of cancer trends, but the occupation fields are often incomplete and inaccurate\[[@pone.0215867.ref008], [@pone.0215867.ref009]\]. Via medical record abstraction, participants of the National Program of Cancer Registries (NPCR) collect text indicating usual occupation ("type of job patient engaged in for the greatest number of working years") and text indicating usual industry ("type of business or industry where patient worked in his or her usual occupation")\[[@pone.0215867.ref005]\]. These data are frequently retrieved from narrative fields in the medical record, which take no standard form, and coding often requires extensive manual review and processing\[[@pone.0215867.ref010]\]. Not only are these data frequently missing, they are often missing in a differential fashion based on facility, provider, insurance status, and occupation\[[@pone.0215867.ref004]\].

The objective of the current study is to determine the frequency and predictors of missing and inaccurate occupation data for a cohort of career firefighters in a state cancer registry.

Materials and methods {#sec006}
=====================

The Florida Cancer Data System (FCDS) is the legislatively mandated, population-based cancer registry for the state of Florida in operation under the Florida Department of Health as part of NPCR. It has collected all newly diagnosed cancer cases in Florida since 1981. The Florida State Fire Marshal's Office has collected firefighter certification records for all firefighters in the state since 1972 when certification was mandated.

Using fastLink\[[@pone.0215867.ref011]\], FCDS performed a probabilistic linkage between 1981--2014 FCDS data and 1972--2012 data from the Florida State Fire Marshal. The resulting enriched linked dataset contained 3,928 cases with at least one incident cancer. Using this dataset we determined the number of cancer cases that had any 2010 Census occupation code in their FCDS registry record and the number that had a firefighting-related code. The firefighting-related occupations included the following five codes: firefighters 3740, first-line supervisors of firefighting and prevention workers 3720, fire inspectors 3750, and emergency medical technicians and paramedics 3400. The last code (3400) was included because many Florida firefighters are additionally certified in this area. We included in our sample, only firefighters considered to be "career" firefighters, rather than volunteers, as defined by guidance from the State Fire Marshal's Office.

We conducted descriptive data analyses to determine the number and percent of linked firefighter cancer cases that had any occupation code or any of the four firefighting-related occupation codes listed in their first primary malignant cancer registry record. These results were evaluated by demographic and cancer diagnosis characteristics (gender, race/ethnicity, and year and age of cancer diagnosis). The same descriptive analysis was performed on the FCDS database for first primary malignant cancers diagnosed between 1981 and 2014. We also conducted univariate and multivariable logistic regression analyses with the presence of a cancer registry-derived firefighting-related occupation code (yes/no) as the dependent variable. The multivariable regression model was adjusted for gender (male/female), ethnicity (Hispanic, non-Hispanic, unknown), race (White, non-White, unknown), age at cancer diagnosis (20-44y, 45-64y, 65y+), and year of cancer diagnosis (1981--1991, 1992--2002, 2003--2014). Unadjusted odd ratios (OR) and adjusted odds ratios (aOR) and corresponding 95% confidence intervals (95%CI) were calculated. Data management and statistical analysis were completed using SAS Enterprise Guide software, Version 5.1(SAS Institute Inc. Cary, NC, USA). This study was approved by the Institutional Review Boards of the Florida Department of Health and the University of Miami.

Results {#sec007}
=======

Of the 3,928 firefighters with cancer in our enriched linked dataset, almost half were missing an occupation code of any kind (n = 1,848, 47.0%) in the cancer registry record for their first primary cancer ([Table 1](#pone.0215867.t001){ref-type="table"}). Only 679 (17.3%) had a firefighting-related occupation code; of these, 79.2% (n = 538) were listed as firefighters, 9.9% (n = 67) were emergency medical technicians and paramedics, 7.8% (n = 53) were first-line supervisors of firefighting and prevention workers, and 3.1% (n = 21) were fire inspectors. The remainder of linked cases (n = 1,401, 35.7%) had an occupation code other than firefighting, which included 1,071 (27.3% of total sample) listed as "unemployed" or "retired" and 330 (8.4%) with any other occupation.

10.1371/journal.pone.0215867.t001

###### Presence of any occupation code and firefighting-related occupation code among linked career firefighter cancer cases and the Florida Cancer Data System (FCDS) overall, first primary malignant cancers only, 1981--2014.
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  ---------------------------------------------------------------------------------------------------------------------
                                                              Linked Firefighters\   FCDS\                       
                                                              n = 3,928              n = 2,622,219               
  ----------------------------------------------------------- ---------------------- --------------- ----------- ------
  **Missing Occupation Code**                                 1,848                  47.0            1,837,467   70.1

  **Any Occupation Code**                                     2,080                  53.0            784,752     29.9

  **    Non-Firefighting Code**                               1,401                  35.7            782,932     99.9

  **    Any Firefighting-Related Code**                       679                    17.3            1,775       0.1

  **        3740**: Firefighters                              538                    79.2            1,341       73.7

  **        3720**: First-line supervisors of firefighting\   53                     7.8             152         8.3
  and prevention workers                                                                                         

  **        3750**: Fire inspectors                           21                     3.1             47          2.6

  **        3400**: Emergency medical technicians and\        67                     9.9             235         12.9
  paramedics                                                                                                     
  ---------------------------------------------------------------------------------------------------------------------

Compared to our linked firefighters, a greater percentage (70.1%, n = 1,837,467) of the FCDS dataset from 1981--2014 was missing an occupation code of any kind among first primary cancers ([Table 1](#pone.0215867.t001){ref-type="table"}). There were a total of 1,775 cases with a firefighting-related occupation code in FCDS for this time period, the difference between this and our linked number (n = 679) likely being accounted for by firefighters that were certified in states other than Florida and thus were not linked to the Florida State Fire Marshal data.

In the linked dataset, a firefighting-related code was found in greater proportion among Hispanics/unknown ethnicity (22.4% vs. 17.0% among non-Hispanics). The percentage with a firefighting-related code decreased with age at diagnosis (20-44y: 22.4%; 45-64y: 16.9%; 65y+: 15.2%) and increased with year of diagnosis (1981--1991: 3.1%, 1992--2002: 7.7%; 2003--2014: 23.4%) ([Table 2](#pone.0215867.t002){ref-type="table"}).

10.1371/journal.pone.0215867.t002

###### Sociodemographic characteristics by presence of a firefighting-related occupation code among linked career firefighter cancer cases, 1981--2014.
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                                                          All                 Firefighting-related code                                                    
  ------------------------------------------------------- ------------------- --------------------------- ------------------- ------ ------ ------- ------ ------
  **Total**                                               3,928               100                         679                 17.3   100    3,249   82.7   100
  **Gender**                                                                                                                                               
      Male                                                3,760               95.7                        659                 17.5   97.1   3,101   82.5   95.4
      Female                                              168                 4.3                         20                  11.9   2.9    148     88.1   4.6
  **Ethnicity**                                                                                                                                            
      Non-Hispanic                                        3,736               95.1                        636                 17.0   93.7   3,10    83.0   95.4
      Hispanic[\*](#t002fn002){ref-type="table-fn"}       192                 4.9                         43                  22.4   6.3    149     77.6   4.6
  **Race**                                                                                                                                                 
      White                                               3,677               93.6                        628                 17.1   92.5   3,049   82.9   93.8
      All Others[\*\*](#t002fn003){ref-type="table-fn"}   251                 6.4                         51                  20.3   7.5    200     79.7   6.2
  **Year of Cancer DX**                                                                                                                                    
      1981--1991                                          350                 8.9                         11                  3.1    1.6    339     96.9   10.4
      1992--2002                                          1,086               27.6                        84                  7.7    12.4   1,002   92.3   30.8
      2003--2014                                          2,492               63.4                        584                 23.4   86.0   1,908   76.6   58.7
  **Age groups at Cancer DX**                                                                                                                              
      20-44y                                              616                 15.7                        138                 22.4   20.3   478     77.6   14.7
      45-64y                                              2,155               54.9                        365                 16.9   53.8   1,790   83.1   55.1
      65y+                                                1,157               29.5                        176                 15.2   25.9   981     84.8   30.2
  **Age at Cancer DX (years)**                                                                                                                             
  mean (SD)                                               57.2 (12.6)         55.6 (13.3)                 57.6 (12.4)                                      
  median (25^th^%, 75^th^%)                               58.0 (49.0, 66.0)   56.0 (47.0, 65.0)           58.0 (50.0, 66.0)                                
  min-max                                                 20.0--94.0          22.0--89.0                  20.0--94.0                                       

Col%: column percentages; SD: standard deviation; min: minimum; max: maximum; DX: diagnosis

\*This category includes 35 cases with unknown ethnicity

\*\*This category includes 26 cases with unknown race

Adjusted logistic regression modeling results ([Table 3](#pone.0215867.t003){ref-type="table"}) show a significantly increased likelihood of having a firefighting-related occupation code among males (vs. females, aOR = 2.31, 95%CI: 1.41--3.76), those diagnosed in later years (vs. 1981--1991; aOR~1992-2002~ = 2.98, 95%CI: 1.57--5.67; aOR~2003-2014~ = 11.40, 95%CI: 6.17--21.03), and those diagnosed at younger ages (vs. 65+y; aOR~45-64y~ = 1.26, 95%CI: 1.03--1.54; aOR~20-44y~ = 2.26, 95%CI: 1.73--2.95).

10.1371/journal.pone.0215867.t003

###### Univariate and multivariable logistic regression models for odds of having a firefighting-related occupation code in the linked career firefighter cancer cases, 1981--2014.
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  Variables                     Univariate           Multivariable                         
  ----------------------------- -------------------- --------------- --------------------- ---------
  **Gender**                                                                               
  **    **Female                1 (ref)                              1 (ref)               
  **    **Male                  1.57 (0.98--2.53)    0.06            2.31 (1.41--3.76)     \<0.001
  **Ethnicity**                                                                            
  **    **Non-Hispanic          1 (ref)                              1 (ref)               
  **    **Hispanic              1.67 (1.15--2.41)    \<0.01          1.36 (0.93--2.01)     0.12
  **    **Unknown               0.46 (0.14--1.50)    0.20            0.40 (0.11--1.42)     0.16
  **Race**                                                                                 
  **    **White                 1 (ref)                              1 (ref)               
  **    **Non-White             1.25 (0.89--1.75)    0.20            1.04 (0.74--1.47)     0.83
  **    **Unknown               1.16 (0.43--3.08)    0.77            1.22 (0.42--3.54)     0.71
  **Year of Cancer DX**                                                                    
  **    **1981--1991            1 (ref)                              1 (ref)               
  **    **1992--2002            2.58 (1.36--4.90)    \<0.01          2.98 (1.57--5.67)     \<0.001
  **    **2003--2014            9.43 (5.14--17.31)   \<0.001         11.40 (6.17--21.03)   \<0.001
  **Age groups at Cancer DX**                                                              
  **    **65y+                  1 (ref)                              1 (ref)               
  **    **45-64y                1.14 (0.93--1.38)    0.20            1.26 (1.03--1.54)     0.03
  **    **20-44y                1.61 (1.26--2.06)    \<0.001         2.26 (1.73--2.95)     \<0.001

DX: diagnosis; OR: crude odds ratio; aOR: adjusted odds ratio; 95%CI: 95% confidence interval; the multivariable logistic model included all the variables listed in the table.

Discussion {#sec008}
==========

This study confirmed the overwhelming lack of accurate data in the occupation field of cancer registry records. While the linked firefighter cancer cases had a greater proportion of any occupation code present than in the FCDS dataset overall (53% vs. 30%), at only half of the study population, this represent a very poor source of data for occupational research. The greater proportion of codes present for our linked cases may be an example of reporting bias among occupations for which there is a known risk of cancer, as has been shown previously\[[@pone.0215867.ref004]\].

In addition to missing data, 8.4% of our firefighters had an occupation other than firefighting or unemployed in their cancer record. This may be because their longest held job was something other than a firefighting occupation, or it may be that the code is simply not an accurate representation of their occupation. The high percentage of those listed as unemployed or retired (27.3%) in our sample is likely due to the fact that data in the cancer registry record are obtained at the time of diagnosis, and given that a greater proportion of cancers are diagnosed in older age, cases are often unemployed or retired at that point\[[@pone.0215867.ref010]\]. Occupational fields are supposed to represent the longest held position, but it is clear that this is not always the case. Given that those of older age are both more likely to be out of the workforce and be diagnosed with cancer, the category of "unemployed", therefore represents a greater source of inaccuracy in the occupation field than, say, mislabeling a firefighter as an engineer.

Our study also confirms that the presence of occupation codes varies by sociodemographic characteristics. Given the comparatively small number of female firefighters, it makes sense that they may be less likely to have this reported in their cancer record. It also makes sense that cases diagnosed in recent years would have more accurate occupation information as cancer registry data collection practices have improved over time. Similarly, those diagnosed at younger ages are also more likely to still be working and so have an accurate occupation reported.

The main concern with occupational data in the cancer registry is that the data abstracted is subject to the information available in the medical record, and the text in these fields are not recorded in any standardized or routine manner. Completeness and accuracy of occupation data in cancer registries and medical records is not likely to see dramatic improvements given the time and resource constraints placed on registries and healthcare facilities. The growing implementation of electronic health records has the potential to somewhat improve the ability to collect accurate occupation data, but there will be a need for the development of standardized fields in these electronic heath systems for any improvement to be realized.

A recent study of eight NPCR states employed the web-based NIOSH Industry and Occupation Computerized Coding System (NIOCCS), developed by the National Institute for Occupational Safety and Health\[[@pone.0215867.ref012], [@pone.0215867.ref013]\], to translate text into standardized industry and occupation codes\[[@pone.0215867.ref010]\]. Results indicated that this was a useful tool for improving occupation fields; however, registries reported the need for increased training to collect higher quality information to be either coded by registrars or auto-coded by the web-based tool. These types of tools are valuable resources, particularly when looking at all occupations combined, but they are limited in their usefulness when occupation information is simply missing from the medical record. In this study, for example, 50% of cases were missing occupation codes, and 24% were missing any text on occupation. Similarly, in a California study evaluating cancer among firefighters, 50% of registry records were missing data on industry and occupation\[[@pone.0215867.ref004], [@pone.0215867.ref014]\].

Data linkages such as the one conducted in our study provide a valuable and efficient alternative to improving completeness without the need for collecting further data or additional cancer registrar training. Additionally, because occupation data is often missing differentially\[[@pone.0215867.ref014]\], linkage may offer a less biased sample from which to conduct research. Data linkage has the further advantage of providing new fields with which to conduct research. This is true for our current linkage with firefighter data as well as a previous linkage conducted by our study team between FCDS and the National Health Interview Survey, which allowed for the examination of health behaviors, risk factors, and cancer screening among cancer cases\[[@pone.0215867.ref015], [@pone.0215867.ref016]\].

This study should be evaluated with the following limitation in mind: our sample represents Florida firefighters only, and while occupation-related data is overwhelmingly missing in cancer registries in general, it may be missing disproportionally by different characteristics in other registries than those seen here. A strength of our study is the ability to capture every cancer among Florida firefighters going back to 1981, which provides us with a large sample size with which to conduct hypothesis-driven research. A second strength was that we were able to include only career firefighters in the study sample. This allowed us to remove any bias that may have been introduced by including volunteers, who would have likely had a different main occupation code, when listed. It is important to note, however, that volunteers still face hazardous exposures and potentially increased risk of cancer \[[@pone.0215867.ref017]--[@pone.0215867.ref019]\].

In conclusion, occupational research using cancer registry data is limited by inaccurate and missing fields on occupation. Not only are these fields missing, they are missing disproportionally by case characteristics such as gender, age at diagnosis, and year of diagnosis. Data linkage is a strategy of particular benefit for specific populations with known exposures, such as firefighters. Linkage of firefighter data and cancer registry data on a national level would offer unparalleled advantage in providing accurate occupational information for this at-risk population.
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